. 2010. A morphological and phylogenetic study of Glaphyrosiphon gen. nov. (Halymeniaceae, Rhodophyta) based on Grateloupia intestinalis with descriptions of two new species: Glaphyrosiphon lindaueri from New Zealand and Glaphyrosiphon chilensis from Chile.
INTRODUCTION
The name Grateloupia intestinalis is currently applied to specimens found throughout New Zealand from the northern North Island to Stewart Island and the Chatham Islands (Adams 1994) and is also recorded from southeastern Tasmania (Womersley 1994) . Gratelopia intestinalis (Harvey) Setchell ex P.G. Parkinson was published as G. intestinalis (Hooker fil. & Harvey) Setchell ex P.G. Parkinson in Chapman and Parkinson (1974) . Although Parkinson cited Nemastoma intestinale as having been published by Hooker & Harvey (1845) , in fact, the basionym first appeared in Harvey (1855). Because Parkinson also cited the 1855 publication, we are treating this as a correctible error (Art. 33.7 of the ICBN, McNeill et al. 2007) . The vegetative and reproductive development of G. intestinalis was studied extensively by Kraft (1977) , who pointed out that the development of the auxiliary-cell ampullae and the origin of the involucral filaments resembled that seen in Aeodes J. Agardh rather than that of Grateloupia C. Agardh. Reasoning that auxiliary-cell ampullar types may fall along a continuum in the Halymeniaceae, Kraft concluded that there was no compelling reason for establishing a new genus or for separating the New Zealand plant from species assigned to Grateloupia. Our morphological observations agree in every respect with those of Kraft; however, we find that the auxiliary-cell ampulla and the involucre surrounding the gonimoblasts differ significantly from those found in species currently placed in Grateloupia and, instead, closely resemble those found in Polyopes.
We here establish Glaphyrosiphon Hommersand & Leister gen. nov. to contain Glaphyrosiphon intestinalis (Harvey) Leister & W.A. Nelson comb. nov ., on the basis of an investigation of the syntype of Nemastoma (Araeotes) intestinale (''intestinalis'') Harvey 1855 and the holotype of Nemastoma? attenuata Harvey 1855, and examination of a large sampling of field-collected and herbarium material. We also describe a new species of Glaphyrosiphon, Glaphyrosiphon lindaueri W.A. Nelson & P.W. Gabrielson sp. nov., for specimens collected in the northern part of the North Island of New Zealand that forms a separate clade in molecular analyses, and we extend the range of the genus to include Glaphyrosiphon chilensis M.E. Ramírez, Leister & P.W. Gabrielson sp. nov. on the basis of newly reported collections from the southern part of Chile from Valdivia (Regió n de Los Ríos) to Punta Arenas in the Strait of Magellen (Regió n de Magallanes). The distribution of Glaphyrosiphon is documented and rbcL sequences are reported for five samples that correspond to Grateloupia intestinalis from the Wellington area southward in New Zealand, two that correspond to Glaphyrosiphon lindaueri from the northern half of the North Island in New Zealand, and one sample of G. chilensis from Chile. A phylogeny based on rbcL analyses is included that places Glaphyrosiphon sister to Polyopes among the major genera that comprise the Halymeniaceae, in agreement with Hommersand and Fredericq (2003) .
MATERIAL AND METHODS
Specimens were examined from the following herbaria: British Museum, Natural History (BM), Trinity College, University of Dublin (TCD), Museum of New Zealand Te Papa Tongarewa (WELT), University of North Carolina at Chapel Hill (NCU), and Museo Nacional de Historía Natural, Santiago (SGO). Voucher specimens are deposited in the last three of these institutions. Herbarium abbreviations follow Thiers (2009) 
Additional Chilean samples were collected during two cruises of the research vessel R/V Hero in southern Argentina and Chile in October-November 1972 and May 1973 (Searles et al. 1973 , 1974 Leister 1977) . These collections are listed as R/V Hero collections by year, location number, and collection number; e.g. 73-14-1. All subtidal collections were made using scuba. Depths were measured using capillary-tube or Bourdon-tube depth gauges. No correction was made for variations in the level of the tide. Specimens were preserved in formalin:glycerin:seawater (5:5:90). More recently, collections were taken for rbcL analysis intertidally or subtidally by snorkeling (See Table 1 for detailed information).
Algal samples for morphological studies were preserved in either 5% or 10% formalin-seawater and stored in 5% formalin-seawater or pressed on herbarium sheets. Material used in the molecular studies was desiccated in silica gel. Slides for microscopic examination were either prepared from squashes or sectioned on an AO Spencer clinical microtome (no longer manufactured) provided with a CO 2 freezing attachment. Sections were stained with 1% aqueous aniline blue acidified with 1% HCl and mounted in 50% or 80% KaroH syrup (Englewood Cliffs, NJ, USA), or in the case of young auxiliary-cell ampullae, with Wittmann's aceto-iron-haematoxylin-chloral hydrate (Wittmann 1965) . Fragments of dried herbarium material were first hydrated with 70% acetic acid, frozen, sectioned, transferred to 75% acetic acid and allowed to evaporate almost to dryness before the addition of 80% Karo-aniline blue after a procedure modified from Setchell (1940) .
For image documentation, we used an adapted Sony Cyber-shot DCS-H9 (Sony Corporation) digital camera on a transmitted light Zeiss photomicroscope III (Montpelier, MD, USA). Some of the digital photomicrographs presented in this paper were from multiple images of different focal depths and combined using Helicon FocusH 3.79 software (Helicon Soft Ltd., Kharkov, Ukraine). Other film photomicrographs were taken on a Leitz Ortholux microscope provided with a 35-mm Orthomat camera. All 35-mm film-based negatives were either scanned [at 1200 dots per inch (dpi)] using a Nikon Coolscan V ED (Nikon Corporation) slide scanner, or a flatbed scanner (at 1200 dpi) and stored as digital files. Recent herbarium specimen images were scanned at 600 dpi with a Microtek ScanMaker 9800XL (Microtek International, Inc.) and stored in tagged image file format (TIFF). Photographs of historically important herbarium sheets were made with a 35-mmfilm Alpa model 6 camera and ring flash. The photographic plates were created using Adobe Photoshop C3-3. Table 1 shows the taxa included in the molecular analyses, along with their localities, collection data, and GenBank accession numbers. Silica gel-dried material was extracted following the protocol in Hughey et al. (2001) . The coding region of rbcL was amplified using the primer combinations F-57 and R-753 and F-753 and R-rbcS (Freshwater & Rueness 1994) , and the amplification protocol was that of Hughey et al. (2001) . Sequencing reactions were obtained from an ABI 3100 Genetic Analyzer (DNA Analysis Core Facility, Center for Marine Sciences, University of North Carolina, Wilmington) and were compiled using Sequencher (Gene Codes Corp., Ann Arbor, MI, USA). The new sequence data and those available from GenBank were manually aligned and exported for phylogenetic analysis using Sequence Alignment Editor available at http://evolve.zoo.ox.ac.uk'Se-Al/Se-AI.html. Four new rbcL sequences of Glaphyrosiphon intestinalis, two of G. lindaueri, one of G. chilensis, and one of Aeodes nitidissima generated in this study are listed in Table 1 together with additional sequences obtained from GenBank. Nineteen rbcL sequences representing the family Halymeniaceae (order Halymeniales) were analyzed together with Sebdenia monardiana (Montagne) Berthold, the type species of Sebdenia (Sebdeniaceae, Sebdeniales) (Withall & Saunders 2006) , and Sebdenia integra Gavio, Hickerson & Fredericq (2005) , which served as the outgroup (Table 1, Fig. 1 ). The alignment was truncated to 1259 bases because of some GenBank sequences being incomplete at the 59 or 39 ends. Models of sequence evolution and characteristics of the data set were obtained using Modeltest v. 3.6 (Posada & Crandall 1998) , PAUP* v. 4 (Swofford 2003) and MacClade v. 4 (Maddison & Maddison 2000) , and the phylogenetic analyses were performed using PAUP* v. 4.
Neighbour-joining distance and maximum-likelihood (ML) analyses were done using a TIM + I + G model of 
OBSERVATIONS

Molecular analyses
The results of the molecular analyses are shown in Fig. 1 . Within the analyzed alignment of 1259 base pairs, 406 were variable (32.2%) and 291 were parsimony informative. The overall relationships of the taxa were similar in all three analyses, and only the ML topology with bootstrap results from all three methods is presented. All nodes had moderate to strong support except two: the node supporting Grateloupia and the Polyopes/Glaphyrosiphon clade and the node supporting two of the three Japanese species of Polyopes, both of which had only weak support in the ML analysis and were unsupported in both the distance and parsimony analyses. Sequence divergences within and among Glaphyrosiphon species and between Glaphyrosiphon and Polyopes and Aeodes were measured as absolute numbers of base-pair differences (Table 2 ). Zero to seven base-pair differences (0% to 0.5%) were found among samples of Glaphyrosiphon intestinalis distributed from the Wellington area in the North Island to Stewart Island in southern New Zealand. Glaphyrosiphon intestinalis was separated from G. lindaueri in the northern part of the North Island by 17-20 base pairs (1.2% to 1.7%), and the New Zealand species differed from G. chilensis from Chile by 54 to 61 base pairs (3.9% to 4.4%). By comparison Glaphyrosiphon differed from its nearest neighbour, Polyopes constrictus, from Australia by 110 to 114 base pairs and from A. nitidissima, a basal taxon in the Halymeniaceae, by 146 to 158 base pairs. The distributions of all samples of the three species of Glaphyrosiphon cited in this paper are portrayed on maps of New Zealand and Chile (Fig. 2) .
Thalli unici vel in fasciculis e hapteris parvis discoideis orientes, consistentes e tubis erectis, simplicibus vel duplo triplove furcatis vel trifurcatis labilibus qui mucilagine copiose replentur. Apices multiaxiales, filamentis formantibus corticem compactum exteriorem et corticem patentem interiorem et rete medullosum uni-usque ad paucistratum e cellulis stellatis constatum, gerentibus brachia quae conjungunt reticulum formare, processibus aliquis extendentibus distantias longas ante foveas conjunctiones secundarias formantes. Plantae dioeciae monoeciaeve, spermatangiis 2-3 mm diametro, gestis singulatim binatimve in cellulis parentalibus ad apice filamentorum corticalium. Rami carpogoniales et cellulae auxiliares in ampullis separatis in cellulis corticis interioris gestis; ampullae ramorum carpogonialium ramosae, carpogonio terminali in ramo uno cellula conspicua hypogyna suffulto; ampullae cellularum auxiliarium constantes e cellula basali et filamentis primariis quatuor unilateraliter ramosis ordini quarti quintive, cellula auxiliari formanti cellulam basalem filamenti unius ordinis secundius. Carpogonia post fecundationem cellula hypogyna conjungit, initia 4-5 vel ultra formantia, unaquaeque efferentia filamentum connectivale non segmentatum quod peragrat corticem interiorem et conjungit terminaliter cum basi cellulae auxiliaris progeniem nuclei fecundationis transferre. Cellulae auxiliares post diploidizationem abscindentes initium solum gonimoblasticum terminaliter quod format gonimolobos initia 2-3 gerentia gonimolobos in quibus cellulae plurimae in carposporangiis maturant. Gonimoblasti circumdati involucro ampulliformi constato omnino filamentorum ampullarium quae conjungunt terminaliter cellulis corticalibus et lateraliter cellulis contingentibus per filamenta brevia secundaria formare rete involucrale gonimolobos circumdans; filamentorum ampullarium cellula auxiliaris et cellulae interiores conjungentes formare conjunctionem cellulam basalem maturitate separatam e cellula gonimoblastica primaria a fovea conjunctione lata plana. Tetrasporangia cruciate divisa, gesta lateraliter in cellulis basalibus filamentorum exteriorum corticalium et tecta latus filamentis ramosis sterilibus quae 3-4 cellulae longitudine sunt.
ETYMOLOGY: The generic name is taken from the Greek glaphyros 5 hollowed out, smooth, polished, finished and the Greek siphon 5 pipe.
Thalli single or in clusters from a small discoid holdfast, consisting of erect, simple or two-to three-times forked or trifurcate slippery tubes that are copiously filled with mucilage. Branch apices multiaxial, the filaments forming a compact outer cortex, a spreading inner cortex, and a oneto several-layered medullary network composed of stellate cells bearing arms that unite to form a reticulum, with some processes extending over long distances. Plants dioecious or monoecious, the spermatangia 2-3 mm in diameter, borne singly or in pairs on parent cells terminating cortical filaments. Carpogonial branches and auxiliary cells in separate ampullae borne on cells of the inner cortex; carpogonial branch ampulla branched, the carpogonium terminal on one of the branches subtended by a conspicuous hypogynous cell; auxiliary-cell ampullae consisting of a basal cell and four primary filaments that are unilaterally branched to four to five orders with the auxiliary cell being the basal cell of one of the second-order filaments; the fertilized carpogonium fusing with the hypogynous cell and forming four to five or more initials, each of which produces an unsegmented connecting filament that traverses the inner cortex and unites terminally with the base of an auxiliary cell transferring a derivative of the fertilization nucleus. Diploidized auxiliary cells cutting off a single gonimoblast initial terminally that forms two to three gonimolobe initials bearing gonimolobes in which most cells mature into carposporangia. Gonimoblasts surrounded by a flask-shaped involucre composed entirely of ampullar filaments that unite terminally with cortical cells and laterally with neighbouring cells by means of short, secondary filaments to form an involucral network surrounding the gonimolobes; the auxiliary cell and inner cells of the ampullar filaments fusing to form a basal fusion cell at maturity separated from the primary gonimoblast cell by a broad, flat pit connection. Tetrasporangia cruciately divided, borne laterally on basal cells of the outer cortical filaments and flanked by branched sterile filaments three to four cells in length.
Glaphyrosiphon intestinalis (Harvey) Leister and W.A. Nelson comb. nov. in Hommersand, Leister, Ramírez, Gabrielson and Nelson (2010) Figs 3 ISOLECTOTYPE: A cystocarpic plant at TCD (barcode TCD0011001) from the same collection and carrying the same label as the lectotype and an original annotation ''147 Hab. intestinalis'' plus a mica slide and an original drawing of a cross-section of the vegetative thallus and one of the cystocarp. The single plant is detached from the base and consists of three orders of branches (Fig. 4) . Harvey described N. intestinale entirely on the basis of material in hand at TCD and did not mention the tetrasporangia. He may not have examined the specimen in the Hooker herbarium that was designated as the type by Chapman and Parkinson (1974) . (Fig. 2) . SEASONALITY AND HABITAT: Spring to early fall annual or possibly perennial by retention of an inconspicuous basal crust ( Fig. 6 illustrates a basally branched cystocarpic specimen that might have regenerated from such a crust; however, no such crusts were actually seen); intertidal on rocks and boulders, in pools or channels in moderately sheltered sites, or subtidal, becoming coarse and proliferous, especially when buried in sand (Adams 1994).
DESCRIPTION: Plants pale pink to yellow-brown, rarely solitary, usually in clusters of two to five (eight) erect simple or one-to three-times forked or trifurcate tubes 20-35 (60)-cm tall from a small basal holdfast, tubes tapering at the base and attenuate at the tips, terete to compressed, variable in width up to 0.8 (1.5) cm broad, depending on age and environmental conditions, with the branchlets normally constricted at the base supported by a distinct collar composed of thickened cortical layers; tubes usually soft and pliant but sometimes firm or compressed with r Fig. 9 . Carpogonial ampulla with carpogonial fusion cell (cp fc) and five connecting filaments in different stages of elongation (arrows) (NCU 588760). Scale bar 5 20 mm. Fig. 10 . Auxiliary-cell ampulla showing unilateral branching of ampullar filaments and connecting filament (cf) with swollen tip fused to side of auxiliary cell (ac) (NCU 588760). Scale bar 5 10 mm. Fig. 11 . Auxiliary cell fusion cell (fc) bearing primary gonimoblast cell (pg) and gonimoblasts (g) surrounded by involucre of branched ampullar filaments, one of which is linked (arrow) to innermost cortical cell (NCU 588760). Scale bar 5 20 mm. viscous mucilage; the multiaxial apical filaments condensing into a compact three-layered outer cortex, a three-to four-layered spreading inner cortex (Fig. 7) , and a multilayered medulla (Fig. 8) composed of stellate cells that link in every direction to form a three-dimensional network with rhizoidal filaments absent. Reproductive development was fully described by Kraft (1977) . In this paper we have added photographs of a functional carpogonial branch ampulla containing a carpogonial fusion cell and five connecting filaments of different ages (Fig. 9) ; a unilaterally branched auxiliary-cell ampulla in which a connecting filament has fused with the auxiliary cell (Fig. 10) ; and an auxiliary-cell ampulla pit connected to inner cortical cells and consisting of an auxiliary cell fusion cell and primary gonimoblast cell bearing gonimoblasts surrounded by the ampullar filaments (Fig. 11) . Leister, Ramírez, Gabrielson and Nelson (2010) Figs 12-18
Plantae dioeciae, thallis masculinis femineisque saepe gerentibus fasciculos ramorum lateralium ad apices axis stipitisve primarii furci vel non, 0.5-3 (8) mm latae et 10-30 (60) cm altae. Filamenta multiaxialia apicalia condensantia cortici 3-5-strato exteriori et cortici 2-3-strato interiori patenti et medullae quae primo simulant eas in G. intestinali videri; stipites et aliquot rami persistentes et subeuntes augmentum secundarium ubi cortex secundarius format stratum novum cellularum 7-10 crassitudine, foveis conjunctionibus secundariis non evidentibus inter cellulas corticales vicinas. Cellulae corticales interiores primariae 5-6-cellulatae formantes foveas conjunctiones secundarias plurimas cum cellulis corticalibus vicinis et cellulae intimae corticales medullosaeque producentes filamenta rhizoidalia secundaria introrsum numerosa quae partem minorem majoremve thalli gelatinosi replent.
Plants dioecious, the male and female thalli often bearing clusters of lateral branches at the tips of an unbranched or forked primary axis or stalk, 0.5-3 (8) mm broad and 10-30 (60) cm high. Multiaxial apical filaments condensing to a three-to five-layered outer cortex and a two-to threelayered spreading inner cortex and a medulla that initially resembles that seen in G. intestinalis; stalks and some branches persisting and undergoing secondary growth in which the secondary cortex forms an additional outer layer 7-10 cells thick with no apparent secondary pit connections between adjacent cortical cells. The five-to seven-celled inner primary cortical cells forming numerous secondary pit connections with adjacent cortical cells and the innermost cortical and medullary cells producing numerous inwardly directed secondary rhizoidal filaments that fill some or most of the gelatinous thallus interior.
HOLOTYPE: A cystocarpic plant (Fig. 12) (Fig. 13) , a cystocarpic plant at Hamburg (HBG), and a tetrasporangial plant at Stockholm (S) ETYMOLOGY: The specific epithet is named after the prominent New Zealand phycologist, Victor Lindauer, from whose collection the holotype was selected.
DISTRIBUTION: From the northern North Island to East Cape. The distributions of specimens in the Museum of New Zealand Te Papa Tongarewa (WELT) and in the algae herbarium at the University of North Carolina (NCU) are plotted on a map of New Zealand (Fig. 2) The presence of modified stalks with clusters of terminal branches were particularly evident in female (Fig. 12) and male (Fig. 13, right specimen) plants, whereas most tetrasporangial plants appeared to show only primary branching (Fig. 13, center) . A cross-section of a young branch shows an outer cortex four to five cell layers thick with occasional dichotomies and two-to three-layered expanding inner cortex in which the cortical cells are linked by secondary pit connections (Fig. 14) . The medulla consists of two to three layers of stellate cells that are linked together by short to long extensions (Fig. 15) . A cross-section of a male plant (Fig. 13) shows spermatangia borne on superficial cells (Fig. 16 ). Stalks and branches of some plants have formed extensive secondary cortical layers. The outer secondary cortex in the cross-section (Fig. 17) is approximately 10 cell layers thick and consists of filaments with one to two dichotomies in which the cells lack secondary pit connections. All the cells of the five-to seven-celled primary cortex become linked by secondary pit connections and are separated by the secretion of mucilaginous matrix. Cells of the original medulla produce secondary rhizoidal filaments that are segmented and branch into the interior of the mucilaginous matrix. Even under these conditions a mucilaginous matrix persists in the center of the tubular stalk as seen in longitudinal section (Fig. 18) .
Glaphyrosiphon chilensis M.E. Ramírez, Leister and P.W.
Gabrielson sp. nov. in Hommersand, Leister, Ramírez, Gabrielson and Nelson (2010)
Figs 19-46
Plantae monoeciae, thallis pallide roseis, constantibus e tubis solitariis paucisve, erectis, simplicibus vel interdum furcatis usque ad 1.5 cm latis et 47 cm altis e crusta basali orientibus. Filamenta multiaxialia apicalia condensantia cortici exteriori 3-4-strato et cortici interiori patenti 2-3-strato. Medulla constans e reti unistrato intra corticem constato e cellulis stellatis quae extendunt lateraliter in directionibus quatuor et connectunt foveis conjunctionibus secundariis formantibus reticulum interius circumdans partem interiorem mucilagineam. Processus nonnulli enascentes cellulis stellatis extendentes distantias longas ante adjungentes processibus remotis vel cellulis stellatis.
Plants monoecious, pale pink, consisting of solitary or a few erect simple or occasionally forked tubes up to 1.5-cm broad and 47-cm high from a basal crust. Multiaxial apical filaments condensing to a three-to four-layered outer cortex and a two-to three-layered spreading inner cortex. Medulla consisting of a single-layered network to the inside of the cortex composed of stellate cells that extend laterally in four directions and link by primary pit connections forming an inner reticulum surrounding the mucilaginous interior. Extensions from stellate cells elongate over long distances.
HOLOTYPE: A specimen (Fig. 19) (Fig. 2) . SEASONALITY AND HABITAT: Spring through summer and disappearing in late summer; low intertidal on rocks and rocky cobble bottom in exposed to moderately sheltered lagoons.
DESCRIPTION: Plants consist of solitary or a few erect simple or occasionally forked tubes up to 1.5-mm broad and 47-cm high from a basal crust. Fig. 20 illustrates the appearance of living material from Aisén, Bahía San Andreas floated in seawater and photographed by G.L.L. The cortex of Glaphyrosiphon chilensis is thinner than in the other two species and consists of a three-to four-layered outer cortex, a two-to three-layered spreading inner cortex, and a single-layered medulla (Fig. 21) . The medulla, as seen in mature parts of the thallus, consists primarily of stellate cells each bearing four processes at right angles that are linked by pit connections to form a rectilinear network (Fig. 22) .
Developmental morphology of Glaphyrosiphon
The developmental morphology of Glaphyrosiphon is described below primarily on the basis of material collected from Aisén Province, Bahía San Andreas, Chile. Glaphyrosiphon is tubular with a dome-shaped apex. Apical growth is multiaxial and takes place primarily through concavoconvex divisions of surface cells at and behind the apex. A series of oblique and anticlinal cell divisions of terminal cortical cells along the axis of the tube produces additional longitudinal files of surface cells. These occur every two to three cells in a longitudinal row, increasing the number of rows as the thallus enlarges in girth (Fig. 23) , with the result that cells diverge away from the apex and interpolate additional cell rows parallel to the primary cell rows (Figs 23, 24) . Longitudinal growth of a tube continues indefinitely by apical and intercalary growth with older elongated stellate medullary cells intermixed with younger stellate medullary cells (Figs 25-27 ). Concavo-convex division of a surface cell is followed by periclinal division of the bearing cell to produce a regularly branched cortex in which forking takes place at irregular angles (Figs 7, 14, 21 ). Mucilaginous material is produced continuously from surface or subsurface cells, spreading the inner cortical filaments and accumulating in the center of the thallus tube. The three to four outermost layers of the cortex adhere and produce a smooth, slippery surface and continuous outer primary cortex that ranges from three to four cell layers thick in G. chilensis (Fig. 21) to five to six cell layers in G. intestinalis (Fig. 7) and G. lindaueri (Fig. 14) . Three to four inner cortical layers spread as mucilaginous material is secreted between the branched filaments. Cells beneath the inner cortical layer continue to expand, forming elongated processes where they remain attached to one another and are converted into the stellate cells of the medulla in young plants of G. intestinalis (Fig. 8 ) and G. lindaueri (Fig. 15) . In G. chilensis, on the other hand, the cells of the innermost cortical layer each typically produce four mutually perpendicular processes that link laterally by means of pit connections to similar processes from neighbouring cells to form a single-layered rectilinear network of stellate cells (Fig. 22) . In addition, young stellate cells may extend to produce unsegmented processes that stretch over long distances .
The mucilaginous material of Glaphyrosiphon intestinalis was investigated by Miller (2005, as Grateloupia intestinalis), who reported: ''that the structure of the polysaccharide was found to consist of two diads, one of which is that of bcarrageenan, and the other a precursor to a-carrageenan. No significant amounts of nonionic polymer could be separated. There were also low levels of 4-linked L-galactose and 3,6-anhydro-L-galactose present (which confirms that the polysaccharide is not a carrageenan in the usual sense), and low levels of 6-sulfation on the 3-linked unit of the a carrageenan precursor. This structure differs from that expected for Grateloupia species.'' Most specimens of Glaphyrosiphon (Grateloupia) intestinalis that have been examined were reported as being sterile (Chapman & Parkinson 1974) . A new search has turned up many fertile plants whose distributions are noted among the lists of representative species examined. These include the lectotype (tetrasporangial) and isolectotype (cystocarpic) of N. intestinale, the holotype of N. attenuata (tetrasporangial) and the material of G. intestinalis collected by G.T. Kraft and M.J. Parsons south of Kaikoura on 17 November 1972 (Kraft 1977 . Careful examination of herbarium specimens demonstrated that most collections of G. lindaueri from northern New Zealand and those of G. chilensis from Chile were fertile, including the type material from Valdivia and the collections from Aisén, which included homothallic male and female individuals as well as tetrasporangial plants. Sterile plants of Glaphyrosiphon have a smooth surface and possess a characteristic three-layered outer cortex and four-to five-layered inner cortex.
Fertile plants bear spermatangia, cystocarps or tetrasporangia throughout the thallus. The cortex remains the same thickness in female and mature cystocarpic plants in G. chilensis and G. intestinalis. Spermatangia are about 3 mm in length and 2 mm in width and are produced singly or in pairs on spermatangial parent cells borne directly on cortical surface cells (Figs 16, (28) (29) . Carpogonial branches and auxiliary cells are borne in separate ampullae, although auxiliary-cell ampullae are far more abundant than carpogonial ampullae. A carpogonial ampulla contains only one carpogonium (Fig. 30) , which is usually the terminal cell of a two-celled filament (Kraft 1977) . A carpogonial ampulla is composed of approximately two orders of branches at the time the carpogonium initiates the trichogyne (Kraft 1977, fig. 16 ) but later becomes more extensively branched, with up to four orders of branches and with terminal cells of the branched filaments not linking secondarily to cortical cells at maturity. After presumed fertilization, the carpogonium fuses with the hypogynous cell to form a carpogonial fusion cell that enlarges and cuts off a connecting filament initial with the formation of a pit connection (Figs 31, 32) . The young connecting filament contains a single nucleus located at its swollen tip that is densely filled with cystoplasm and is covered by mucilaginous material containing fine granules that stain with aniline blue (Fig. 31) . In G. chilensis the carpogonial fusion cell produces connecting filament initials progressively, such that whenever one elongates, additional initials are cut off and grow in different directions (Fig. 33) , with up to five to six connecting filaments produced from a single fusion cell. The carpogonial fusion cell is larger and more robust in G. intestinalis and cuts off 5-10 connecting filaments (Kraft 1977, figs 5, 17, 18; Fig. 9 ).
An auxiliary-cell ampulla is formed from an initial cutoff from the inner side of an inner cortical cell and forms the primary filament (Figs 34, 35) . Three branches issue from the basal cell of this filament, and the four filaments diverge at right angles to one another (Fig. 36 ) and grow and initially branch more or less unilaterally to produce three to four orders of branches (Fig. 37) . If we regard the primary filament as a branch of the first order, the auxiliary cell is usually the basal cell of the first-formed branch of the second order (Figs 34-36 ). Terminal cells of the first two to three orders of branches of the ampullar filaments link to inner cortical cells by fusion before diploidization of the r Fig. 16 . Cross-section of tubule of male plant shown in Fig. 13 showing location of the spermatangia (arrows) on parent cells external to thallus cortex. Scale bar 5 10 mm. Fig. 17 . Cross-section of a tubule showing secondary growth. Secondary outer layer is compact and the cells lack secondary pit connections. Outer and inner primary cortex consists of cells linked by secondary pit connections and separated by mucilage. Filamentous branched rhizoidal filaments emanate from medullary cells and penetrate mucilaginous region (NCU 588779). Scale bar 5 60 mm. Fig. 18 . Portion of longitudinal section showing central mucilaginous core of tubule, which is still evident (NCU 588779). Scale bar 5 100 mm. Fig. 29 . View similar to that in Fig. 19 showing several terminal vacuolate spermatangia. Scale bar 5 10 mm.
Figs 30-37. Glaphyrosiphon chilensis M.E. Ramírez, Leister & P.W. Gabrielson sp. nov. Development of carpogonial branch ampullae before and after fertlization and auxiliary-cell ampullae before diploidization. Fig. 30 . Carpogonial branch ampulla showing two-celled carpogonial branch (below) consisting of carponium (cp) with trichogyne (t and arrows) and hypogynous cell (hy) (NCU 589332). Scale bar 5 10 mm. Fig. 31 . Squash preparation showing a carpogonial fusion cell (cp fc) formed by fusion of the carpogonium with the hypogynous cell, a detached trichogyne (t), and a connecting filament initial (cfi) covered by granular layer (arrowhead) (NCU 589330). Scale bar 5 10 mm. Fig. 32 . Carpogonial fusion cell (cp fc) and detached trichogyne (t) in situ. Connecting filament intial (cfi) cut off from the inner side of carpogonial fusion cell (NCU 589330). Scale bar 5 10 mm. Fig. 33 . Carpogonial fusion cell (cp fc) with remnant trichogyne (t) bearing three connecting filaments (arrows) of different ages. Apex of the youngest covered by granular layer (arrowhead) (NCU 589330). Scale bar 5 10 mm. Fig. 34 . Ampullar filament consisting of basal cell, terminal cell and lateral cell (arrow) (SGO 111562). Scale bar 5 2 mm. Fig. 35 . Ampullar filament consisting of basal cell, three-celled terminal filament, and lateral cell (arrow) (SGO 111562). Scale bar 5 2 mm. Fig. 36 . Ampullar filament consisting of enlarged basal cell (bc) and four unilaterally branched lateral filaments as seen from inside. Auxiliary cell (ac) is basal cell of one of lateral filaments (SGO 111562). Scale bar 5 2 mm. auxiliary cell (Fig. 37) . Connecting filaments are unsegmented, except where they are cut off from the fusion cell, and grow parallel to the base of the inner cortex next to the medulla in G. chilensis (Fig. 38) . The tip containing the nucleus remains swollen and covered by a granulated mucilaginous layer as it extends. The wall of the connecting filament is uniform in thickness (1.4 mm), and cytoplasm is restricted to a narrow portion (1.4 mm) in the center of the filament (Fig. 38) . The granular material at the tip of the connecting filament appears to be involved in the process that leads to its fusion with the base of the auxiliary cell. At the time the connecting filament fuses with an auxiliary cell wall, the tip of the connecting filament breaks down and the cytoplasm protrudes into the auxiliary cell, depositing the diploid nucleus (2.4 mm in diameter), which migrates to the tip of the auxiliary cell, leaving the original haploid nucleus at its base (Fig. 39) . A gonimoblast initial is cut off from the terminal end of the auxiliary cell separated by a broad concavo-convex pit plug with a thin plug core surrounded by a conspicuous cap membrane (Fig. 40 , fine arrow). The remnant auxiliary cell fuses with the innermost cells of its associated ampullar filament to produce a fusion cell that contains a mixture of nuclei of different sizes, probably corresponding to those of haploid and diploid nuclei. For this reason we assume that the diploid nucleus divides several times and that some of the diploid nuclei are retained inside the auxiliary cell. The gonimoblast initial cuts off several gonimolobe initials that divide and produce up to three gonimolobes (Figs 11, 42, 43) . These grow at different rates and branch profusely to produce globular gonimolobes in which most of the cells are converted into carposporangia (Figs 42, 43) . Development of the gonimolobes is progressive, and as the carposporangia in the first gonimolobe reach maturity, the second and later the third lobe begin developing (Figs 42, 43 ). An involucre composed entirely of ampullar filaments surrounds the gonimoblasts. Cells at the base of these filaments fuse with the auxiliary cell to form an extensive fusion cell that is distinct from the primary gonimoblast cell, separated by a broad, flat, modified pit connection located at the top of the fusion cell. Cells of the ampullar filaments continue to divide and cross-connect with one another in all directions by means of short filaments and secondary pit connections to form a network (Fig. 41) . The involucre remains attached to inner cells of the outer cortex by terminal cells of the primary ampullar filaments that had made these connections before diploidization (Figs 37, 41) . No additional connections are made with cortical cells after diploidization, and secondary filaments are not produced from surrounding cortex or medulla, with the result that the involucre consists entirely of ampullar filaments . Carpospores are released through a break in the outer cortex produced by the expanding gonimoblasts (Fig. 43) .
Tetrasporangia are initiated from the basal cells of secondary filaments produced from the surface cortical cells and are surrounded by branched filaments three to four cells long (Figs 44, 46) . Whereas the tetrasporangial layer covers an unbroken region of a fertile tubule, it corresponds in form and development to the patchy nemathecia seen in some species of Polyopes. Mature tetrasporangia are primarily ovoid (c. 22 mm in length by 14 mm in width) and cruciately divided (Fig. 45) . Tetrasporangia continue to be produced after tetraspore release, and tetrasporangia of different ages are commonly seen in the same fertile region (Fig. 46 ).
DISCUSSION
It is well known that numerous species that are reported primarily from Stewart Island and the South Island in New Zealand have extended their range across Cook Strait to the southern part of the North Island, especially in the region around Wellington (Adams 1994) . Glaphyrosiphon intestinalis falls among these species with ranges that extend to the Wellington area and Karehana Bay, just north of Cook Strait. Base-pair distances in rbcL analyses among populations of G. intestinalis range from 0 to 7 (0% to 0.5%) (see Table 2 ). Glaphyrosiphon lindaueri is known only from the North Island where its distribution ranges from the northern tip to Maori Bay (36u50.259S) on the west coast and to Te Araroa, East Cape (37u41.569S) on the east coast. Thus the two species do not overlap, and there is a significant gap in latitude between them (see Fig. 2 ). The base pair distances that separate G. lindaueri from G. intestinalis range from 17 to 24 (1.2% to 1.7%). The recognition of G. lindaueri as a separate species is supported by both a phylogenetic and a geographical discontinuity and by morphological differences, especially the presence of secondary rhizoidal filaments in the medulla of the thickened stalks and lower branches of older plants of G. lindaueri that were not seen in G. intestinalis. Glaphyrosiphon chilensis is separated from G. intestinalis and G. lindaueri by 54 to 61 base pairs or 3.9% to 4.4%, leaving no doubt about the phylogenetic support for the Chilean species.
The phylogenetic tree presented in Fig. 1 confirms the opinion expressed earlier by Hommersand and Fredericq (2003) that Grateloupia intestinalis from New Zealand is sister to Polyopes in the Halymeniaceae and is unrelated to Grateloupia. The question remains as to whether it should be subsumed under Polyopes or maintained as a separate genus, as proposed in this paper. The ML support (91%) placing Glaphyrosiphon in sister relationship with Polyopes is strong but not as strong as the ML support (100%) for each of the two genera. The morphological evidence relating Glaphyrosiphon to Polyopes is also strong. In all likelihood, the development of the auxiliary-cell ampulla is similar in both genera. Moreover, the appearance of the carpogonial branch ampulla, the spermatangia, and the tetrasporangial system in which cruciate tetrasporangia are borne on the basal cells of secondary, nemathecia-like filaments is essentially the same. Accordingly, Glaphyrosiphon and Polyopes are closely related taxa from both a molecular and a morphological standpoint.
Polyopes is said to possess an Aeodes-type auxiliary-cell ampulla (Kawaguchi et al. 2002 (Kawaguchi et al. , 2004 ; however, there is some confusion as to the development of the auxiliary-cell ampulla in both Aeodes and Polyopes. Ever since the groundbreaking study by Chiang (1970) , the Aeodes-type auxiliary-cell ampulla in which the ampullar filaments are highly branched (four to five orders of branches) and the Fig. 39 . Ampulla showing basal cell (bc) with three ampullar filaments directed to right and auxiliary cell (ac) with its ampullar filaments directed to left. Connecting filament (cf) has penetrated and diploidized the auxiliary cell and deposited a large, presumably filament lengths are relatively short has been treated as a diagnostic character at the genus level in the Cryptonemiaceae (5 Halymeniaceae). In reality, the auxiliary-cell ampullae are less highly branched and more typical of other Halymeniaceae before diploidizaton in the Aeodes/ Pachymenia group, and the highly branched ampullar filaments that are usually referenced in the literature arise only after diploidization. The difference between the number of orders of filaments and the lengths and branching of the filaments is well illustrated for several species of Aeodes and Pachymenia by Chiang (1970) . In contrast, the ampullar filaments of Glaphyrosiphon are unilaterally branched and contain four to five orders of branches before diploidization of the auxiliary cell. Thus, they are only superficially similar to those of A. nitidissima. Additional short filaments are produced in Glaphyrosiphon after diploidization that link by secondary pit connections to neighbouring cells; however, these serve mainly to form a compact network surrounding the gonimolobes. These details need to be investigated in Polyopes. Molecular evidence demonstrates that the Aeodes/Pachymenia complex and the Glaphyrosiphon/Polyopes group are only distantly related. The precise development of the auxiliary-cell ampulla and the position of the auxiliary cell inside the ampulla appear to be highly conserved characters. There is some confusion about this since most workers have inferred the organization of the auxiliary-cell ampulla and the position of the auxiliary cell on the basis of observations of late stages in ampullar development or from the structure of mature ampullae as determined by cell dimensions. As Lin et al. (2008) pointed out, this approach may lead to errors because inner cortical and medullary cells may become modified during the course of ampullar development and may be confused with the secondary filaments that comprise the ampulla itself. Developmental studies showed that the auxiliary-cell ampulla consists of two orders of unbranched filaments in the Grateloupia clade that include the type species, Grateloupia filicina, with the auxiliary cell being the first cell of the second-order filament. In contrast, the auxiliary-cell ampulla contains three orders of ampullar filaments in the larger group of species presently assigned to Grateloupia, and the auxiliary cell is the basal cell of a third-order ampullar filament (Lin et al. 2008) . The condition in Glaphyrosiphon, and probably also in Polyopes is that the auxiliary cell is the basal cell of the first-formed second-order ampullar filament, as in some species of Grateloupia. Even so, the developmental process in Glaphyrosiphon is quite different from that in Grateloupia. All the ampullar filaments are highly branched before diploidization of the auxiliary cell in Glaphyrosiphon, whereas growth of the ampullar filaments is comparatively simple, and an ampulla becomes highly branched only after diploidization in all species of Grateloupia. Moreover, linkage takes place in various ways between the ampullar filaments and secondary cortical and medullary filaments in Grateloupia to produce a complex involucre or pericarp composed of elements having different origins. The auxiliary-cell ampullae of Cryptonemia and Halymenia are said to be distinctive; however, they have not been critically investigated from a developmental standpoint, and their complete structure and the exact position of the auxiliary cell in the ampulla remains to be determined.
The genus Sinkoraena (Lee et al. 1997), as it was originally proposed, is tubular with lateral proliferations and possesses more or less continuous rather than patchy tetrasporangial nemathecia. As such, it is superficially more like Glaphyrosiphon than Polyopes. On the other hand, Kawaguchi et al. (2002) Both species fall within Polyopes with 100% bootstrap support in both trees published by Kawaguchi et al. (2002) and here (Fig. 1) .
The range of base-pair distances between nearest neighbours Glaphyrosiphon intestinalis from New Zealand and Polyopes species (8.1% to 8.9%) is about twice the distance between G. intestinalis from New Zealand and G. chilensis from Chile (3.9% to 4.4%). Base-pair distances within r diploid nucleus (dn) that has moved toward its apex. Remnant haploid nucleus (hn) is at base of auxiliary cell on right. Connecting cell wall has broken away below auxiliary cell leaving only the cytoplasmic strand. Scale bar 5 10 mm. Fig. 40 . Developing gonimoblasts (g) surrounded by ampullar filaments. Note that auxiliary cell at base of primary gonimoblast cell (pg) is separated from the auxiliary cell by a broad flat pit connection (fine arrow). Auxiliary cell has fused with inner cells of surrounding ampullar filaments producing fusion cell (fc). Scale bar 5 10 mm. Fig. 41 . Tangential section through mature involucre showing some involucral filaments connected to inner subcortical cells (arrows) and interconnected with one another by secondary pit connections forming network. Scale bar 5 20 mm. Fig. 42 . Gonimoblasts consisting of primary (1) gonimolobe containing mature carpospores, and secondary (2) and tertiary (3) gonimolobes attached to primary gonimoblast cell (pg) and auxiliary cell fusion cell (fc) surrounded by involucre consisting entirely of ampullar filaments. Scale bar 5 40 mm. Fig. 43 . Gonimoblasts with a terminal pore surrounded by involucre formed by splitting apart the ampullar filaments. Auxiliary cell fusion cell (fc) prominent at base and primary gonimoblast cell (pg) bearing primary (1) gonimoblobe containing maturing carpospores and secondary (2) and tertiary (3) gonimolobes. Scale bar 5 40 mm. Fig. 44 . Cross-section showing secondary filaments formed from surface cortical cells that bear tetrasporocytes (t) laterally from their basal cells. Scale bar 5 10 mm. Fig. 45 . As in Fig. 44 , bearing developing and mature cruciately divided tetrasporangia. Scale bar 5 10 mm. Fig. 46 . Cross-section showing empty space (*) where a tetrasporangium has been released and two young tetrasporocytes (t) on the left. Scale bar 5 10 mm.
Polyopes species range as high as 8%, and those between Glaphyrosiphon or Polyopes and species of Cryptonemia or Halymenia fall in the same range in rbcL analyses.
The morphological evidence indicates that Glaphyrosiphon is distinguishable from Polyopes primarily on the basis of vegetative characters. Glaphyrosiphon is tubular with an unusual form of branching in which the branches appear to arise irregularly from filaments that penetrate through restricted areas of maturing cortex followed by the regeneration of new apices and the formation of reinforced constrictions at the bases of the branches (not illustrated). By comparison, most species of Polyopes are terete or compressed and repeatedly dichotomously branched, or if initially tubular, expand into linear thalli with fewer branches and numerous proliferations, as in the species previously assigned to Sinkoraena. The most conspicuous differences between Glaphyrosiphon and Polyopes, however, lie in the texture of the thallus and the structure of the cortex and medulla. Glaphyrosiphon is highly mucilaginous and inflated with the accumulation of mucilage in the center of the tubules, whereas Polyopes is compact and lubricous to cartilaginous. The inner cortex is thin with polyhedral cells in Glaphyrosiphon and the inner medulla is composed of stellate cells interconnected by short or long unsegmented extensions. Multicellular rhizoidal filaments are absent during primary development in Glaphyrosiphon and only occur as a feature of secondary development in the more basal tubes and branches in G. lindaueri. In Polyopes, on the other hand, the inner cortex is thick, composed of polyhedral to stellate cells, and the medulla is compact, composed mostly of longitudinally oriented segmented filaments (Kawaguchi et al. 2002 (Kawaguchi et al. , 2004 . Tetrasporangia are said to be non-nemathecial and borne mostly on proliferations in Sinkoraena (Lee et al. 1997) and either non-nemathecial or nemathecial in Polyopes (Kawauchi et al. 2002) , but an inspection of illustrations of both types indicates that they originate secondarily from surface cortical layers in the same way as in Glaphyrosiphon.
The molecular, morphological and biogeographic evidence indicates that Polyopes and Glaphyrosiphon are distinct genera with a sister taxon relationship. The clade that unites the two genera is well supported in our analyses and the molecular evidence is augmented by similarities in their reproductive development. Along with differences in the pattern of their vegetative development the molecular evidence supports the view that they are separate genera. Finally, the two occupy different biogeographic regions. Polyopes occurs primarily in the Indo-West Pacific Ocean in southern Australia and Tasmania and in South Africa, with a secondary center of distribution in East Asia, whereas Glaphyrosiphon is distributed along the southern edge of the Pacific Ocean between New Zealand, southeastern Tasmania, and Chile.
